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PONDEROSA PINE VERSUS DOUGLAS-FIR REPRODUCTION ON THE 
CUT-OVER LANDS OF THE LUBRECHT EXPERIMENTAL FOREST IN 
MONTANA 
INTRODUCTION 
The Lubrecht Experimental Forest was presented to 
the Montana State University, School of Forestry, in 1937 
by the Anaconda Copper Mining Company and the Northern 
Pacific Railway. It is located in the Blackfoot River 
valley of Western Montana- approximately 35 miles east 
1' 
of the city of Missoula. Varying in elevation from *+000 
to 5500 feet, it includes 21,000 acres of ponderosa pine 
(Pinus ponderosa), Douglas-fir (Pseudotsuga taxifolia), 
western larch (Larix occidentalis), lodgepole pine (Pinus 
contorta) and alpine species (50). 
A large portion of the forest, including 
practically all of the ponderosa pine type, was logged 
off in the late 20's and early 30's by a system of 
logging common to the region at the time. These lands 
are typical of most of the cut-over pine areas in the 
Missoula area and, as such, are a valuable indicator for 
-1-
1 
See Figure 1. 
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the larger region. Some alarm has been expressed over 
the apparent change in composition from pine to Douglas-
fir, following logging in many stands in Western 
1 
Montana (1) (15) (16) (55). The indications are that 
the composition changes, when present, are frequently 
the result of the presence of advance Douglas-fir 
reproduction at the time of logging (15) (16). 
This change is highly undesirable from both a 
silvicultural and economic standpoint. The finer qualities 
of pine lumber have been universally recognized. It has 
always commanded a higher price than the Rocky Mountain 
form of Douglas-fir in the past, and can be expected to 
do so in the foreseeable future. Therefore, it is the 
aim of the silviculturists to perpetuate ponderosa pine 
on sites that are capable of supporting this species. 
The objective of this study was to obtain some 
reliable information on the amount of ponderosa pine and 
Douglas-fir reproduction stocking the cut-over lands of 
the Lubrecht Forest. The stocking information was 
gathered on a systematic basis. (See page 18 for a 
description of the method). Particular attention was 
paid to the effect that slope exposure and gradient had 
upon the amount of reproduction of the two species. The 
information thus obtained may then serve as a guide to 
1 
Western Montana is that portion of the state 
west of the Continental Divide. 
-h-
the proper silvicultural treatments of similar stands, 
or at least point to the possible results of logging 
without adequate silvicultural measures. 
A part of this study was also devoted to an 
1 
analysis of the dominant tree data obtained on the 
same cut-over areas. The purpose here was to obtain an 
estimate of the composition of the future stands in the 
forest. The future management will be governed to a 
considerable degree by composition trends of the cover 
type, as indicated by the dominant tree analysis. 
1 
A dominant tree was defined as the largest 
stem located partially or entirely within a sample 
^-milacre square (13.2 feet on a side). The exceptions 
to this definition are explained on page 19. 
I. PONDEROSA PINE TYPE 
The classification of forest types is of necessity 
an artificial cataloging. A forest type is defined ass 
"A descriptive term used to group stands of similar 
character as regards composition and development due to 
given physical and biological factors, by which they may 
be differentiated from other groups of stands" (*+5). 
There is the suggestion that such stands will reproduce 
themselves under similar conditions. As generally used, 
a forest type is considered a cover type now occupying 
the ground at the moment, without implying whether it is 
temporary or permanent in nature C+5). Ponderosa pine 
type, therefore, include such stands that at Dresent have 
1 
a composition of at least 25 percent of ponderosa pine, 
by volume. 
A. ECOLOGY OF THE TYPE 
While ponderosa pine may form pure stands, notably 
on warm, dry southern slopes in Montana, it is often found 
in mixtures with local associated species: Douglas-fir, 
lodgepole pine, western larch and grand fir (Abies grandis) 
In these mixtures, Douglas-fir is recognized as the most 
abundant and vigorous competitor of pine. 
I 
Boe (15) uses this figure as the accepted per­
centage for Region I of the U.S. Forest Service. Various 
regional Forest Service timber management handbooks differ 
considerably in designating the percentage of ponderosa 
pine needed to classify a stand as being included in the 
ponderosa pine type. 
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In mountainous country, characterized by the area 
under observation, forest types can be generally found in 
nearly horizontal bands along the mountain slopes. These 
zones rise slightly on southern exposures and dip on 
northerly aspects and down along moist stream bottoms. 
Their location is primarily due to environmental factors 
such as soil moisture, temperature, and insolation, which 
are influenced by altitude (M+) (52). 
The ponderosa pine type is ecologically classified 
as belonging in the Petran Montane forest. This vast 
association is the most extensive forest climax on the 
North American continent. In Montana it is dominated by 
ponderosa pine, Douglas-fir and lodgepole pine. The rain­
fall limits are 18 to 20 inches for the lower margin and 
22 to 23 inches for the upper (52). Nevertheless, 
ponderosa pine may persist in open stands with a yearly 
precipitation of only 15 inches (1*+). 
Along a narrow belt in Montana and British Columbia, 
the Petran Montane forest blends with and finally yields to 
the climax Coast forest. This area of blending is a tran­
sition forest between the two climax forests and is 
characterized by a rainfall limit of 20 to 35 inches. 
Douglas-fir is the only species common to all three major 
forests. In this transition forest western white pine 
(Pinus monticola). western larch and Douglas-fir are 
-7-
typical dominants in the west, while to the east the 
white pine and larch drop out and the associates become 
Douglas-fir, ponderosa pine, lodgepole pine and Engelmann 
spruce (Picea Engelmanni) (52). 
Located along the eastern fringes of the transition 
forest, the Lubrecht Forest has an average precipitation 
1 
range of from 16 to 21 inches. The average growing season 
is 103 days with frost possible in any month of the year. 
The growing season is characterized by two wet months, May 
and June, and three dry months July, August and September, 
One-fourth of the total annual precipitation is received in 
the two wet months at the start of the growing season. Less 
than one-half of the annual precipitation falls in the form 
of snow, occuring principally in December and January (*+9)* 
Ponderosa pine in Western Montana ranges in altitude 
from approximately 2500 to 6000 feet. At the lower elevations 
it tends to form open stands because of severe root com­
petition for moisture. At these elevations, the rainfall 
drops below 15 inches and the pine type gives way to the 
Palouse prairie formation (1*+) (21) (31)* At the upper 
limits of the type, ponderosa pine can be found at ele­
vations of 6000 feet on warm exposed south and southwest 
slopes where it mingles with Douglas-fir (18). Here the 
precipitation increases to about 22 inches. 
-
Interpolated from the data at the 3 nearest 
weather stations in the U. S. Weather Bureau. 
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The Douglas-fir type can generally be found between 
3000 and 8000 feet, occupying a belt above ponderosa pine. 
At its upper limits it merges with the subalpine species 
Engelmann spruce and alpine fir (Abies lasciocarpa)* At 
lower elevations it fingers into the ponderosa pine type, 
noteably on northerly aspects and in draws where temperatures 
are lower and soil moisture is higher. The area of tran­
sition from pine to fir is a very broad one where tension 
between the two species is extremely great (^5). In this 
tension zone sufficient moisture on well drained soils 
favors the growth of pine but also invites invasion by 
the more mesophytic and tolerant Douglas-fir (U-5) (53) 
(55). Larson (31) observes that in the west central and 
northwestern parts of Montana, ponderosa pine is not 
growing under optimum temperature conditions. 
The table on the following pages contains a 
comparative summary of reproductive habits of the two 
species. These habits are of particular importance in 
determining which species will dominate a given site under 
a particular set of conditions. The table points out 
many basic similarities but also indicates some significant 
differences. These differences are of the utmost importance 
and should be carefully considered in the problem under 
discussion,. 
TABLE I 
TABULAR COMPARISON OF THE REPRODUCTION AND SILVICULTURAL HABITS. 0? DOUGLAS-FIR WITH 
REGARD TO THEIR REGENERATION IN THE STAND 1 
Ponderosa pine Douglas-fir 
I. Seeding characteristics 
1. Occurence of good 
seed years 
2. Age and condition 
of cone producing 
trees. 
Irregular seed producer. 
Good seed crops occur 3, if, 
5 or more years apart. A 
little seed is produced 
annually on some trees. 
Poor quality seeds produced 
at age of 25. After 50 
years seed;" of satisfactory 
quality are produced. The 
tree does not become an 
effective seeder until it 
is 16 inches d.b.h. Mature 
and over-mature trees 
produce seed with lower 
germination percent than 
vigorous growing trees. 
Trees with heart rot and 
spike top will produce seed 
of higher quality (germi­
nation percent) than normal 
Some seed is produced an­
nually except for about 
one year in every ^ or 5» 
Good seed years can be 
expected about every third 
year. 
Bears seeds as early as 
seven years. Seeds pro­
duced are of good quality 
provided there is proper 
cross pollination with 
older trees. Young trees 
seldom produce male flowers 
in quantity. Cone crops 
are heavier on poor sites. 
Large crown trees generally 
bear more seed. Pro­
duction increases until 
maturity and then declines. 
Diseased and sound trees 
of comparable size produce 
1 
The following literature was cited for construction of this table: 
2, 3, 5, 6, 7, 9, 10, 11, 12, 13, l>t, 17, 13, 19, 21, 22, 23, 2k, 25, 26, 27, 
28, 29, 31, 33, 35, 36, 37, 38, 39, k2, k3, k5, k6, k7, W, 51, 52 , 53, 5^, 55. 
TABLE I — Continued 
Ponderosa pine Douglas-fir 
3. Quantity of seed 
If. Time and distance 
of seed dissemi­
nation 
trees, while mistletoe 
decreases seed germination. 
Trees in dense stands will 
produce a smaller amount 
of seeds than open grown 
trees, but will be of higher 
quality. 
A vigorous growing dominant 
tree will produce from 
16,000 to 90,000 seeds in 
one season. Rodents and 
cone-boring insects destroy 
much of the seed (often an 
entire crop) either before 
it ripens or after the crop 
is shed. 
Seed is shed throughout the 
month of September. Chiefly 
disseminated by the wind 
for a maximum distance of 
500 feet over open level 
ground. Greatest density 
will occur around 300 feet 
from the tree. In heavy 
stands the distance will be 
much less. Topography will 
seed of similar quality 
and quantity. 
A prolific seeder, Douglas 
fir will produce 35>000 
to *+5 >000 seeds from an 
average forest tree while a 
young tree under 20 years 
will average 37,000 seeds a 
year. In years of light or 
medium seed crops birds and 
rodents may devore the 
entire crop. 
Two-thirds of seed will fall 
in September and October. 
Some viable seed will reach 
the ground as late as June 
1. Bulk of seed falls 
within 100 feet of timber 
but a favorable vrind carry 
seeds up to 3>500 feet. 
Maximum effective seeding 
distance in cut-over areas 
TABLE I — Continued 
Ponderosa pine Douglas-fir 
II. Germination 
1. Viability 
have varying effects upon the 
distance that seed will be 
windborne. 
Field germination will aver­
age slightly better than 50% 
under favorable conditions. 
Seed stored in the duff will 
not remain viable past the 
first growing season follow­
ing shedding of seeds. 
is 1,300 feet 
Seed from young trees have 73$ 
germination while mature trees 
produce seed with 79% germi­
nation. Seeds stored in duff 
do not remain viable. 
i 
H 
H 
I 
2. Favorable 
conditions 
III. Subsequent 
growth and es­
tablishment 
1. First year 
A. Resistance Both species are quickly killed at temperatures of 130° F1 
to heat during the first 3 months of growth. They can withstand a 
Well drained, exposed mineral 
soil will germinate 8 times 
as many seeds as adjacent 
duff areas. Sufficient soil 
moisture is essential. 
Germinates best on warm, moist, 
pure mineral soil and soil mixed 
humus. On moist sites some 
vigorous reproduction will sur­
vive if duff does not exceed one 
and a half inches in depth. 
O y O 
Soil temperatures ranging from 130 to 160 F have been noted in nature 
especially in sandy or dark-colored soils (5). 
TABLE I — Continued 
Ponderosa pine Douglas-fir 
slightly lower temperature for sometime. However, excessive 
heat damages Douglas-fir more readily than ponderosa pine. 
B. Shade 
C. Soil moisture 
D. Root develop­
ment 
Stem hardens at an early age 
and lopping over is rare 
except in the youngest 
seedlings. 
Intolerant as a seedling and 
increasing with age. Under 
some severe conditions 
seedlings will survive under 
some shading if not intense. 
Generally requires full 
overhead sunfight. 
Seedlings show heat lesions 
at 123° F and succumb to 
girdling and lopping over 
at 125° F. 
Moderately tolerant tree will 
survive under shading and will 
do well on moist sites in the 
open. 50% shade provides best 
growth and survival. 
Adequate soil moisture in zone of root competition in late 
summer is often the controling factor in the establishment 
of first and second year seedlings of both species, but 
particularly true of Douglas-fir. 
Deep tap root developed in juvenile stage, extending 3 to 12 
inches into soil in first year. Must reach mineral soil the 
first year if seedling is to survive. 
Few lateral roots developed 
in first year. 
Majority of feeder roots found 
in soil zone 2 to 7 inches 
below the surface. 
E. Favorable 
soil 
Best growth on well-watered, Best growth on fairly deep, 
gravelly or sandy loam soil. moist but well drained soils. 
TABLE I — Continued 
Ponderosa pine Douglas-fir 
Height 
G. Mortality" 
Up to. three inches. Average dominant seedling is 
2 inches. 
Governed by factors that are extremely variable from year to 
year and from one locality to the next. 
From all causes - From all causes - 83fo 
From heat alone - 33$ 
Highest mortality found with­
out shade - 93$ 
2. Second through 
tenth year 
A. Height growth Height growth in second growth stands average; 
7 inches at end of second year 5 inches in three years 
1^ inches in three years 12 inches in five years 
7 feet in ten years 5 feet in ten years 
In subsequent growth pine continues to exceed Douglas-fir 
until about the fortieth year. 
1 
u> 
1 
B. Frost injury Both species are subject to frost injury but Douglas-fir seems 
to be the most susceptible, probably because it reconverts the 
stored sugars into starch in spring at a lower temperature 
than pine does. 
C. Soil conditions PH is generally not a critical factor in seedling development. 
Growth favored principally by Best growth under slightly acid 
"light" soil and by increased conditions. Soil moisture, how-
organic material in the soil, ever, is the most critical factor 
governing growth. 
TABLE I — Continued 
Ponderosa pine Douglas-fir 
D. Shade and 
E. Hoots 
F. Mortality 
With increasing age seedlings 
demand complete overhead sun­
light. If they are not able 
to rise above competing 
vegetation or send their 
roots past the area of root 
competition! by the end of 
the second year few seedlings 
will survive. 17% of full 
sunlight needed to maintain 
a balance between photo­
synthesis and respiration. 
Root system not very well 
developed for securing water 
but rapid transpiration 
enables it to survive higher 
insolation. Wastes water when 
there is a plentiful supply. 
Inefficient growth mechanism. 
At the end of ninth year 
seedling mortality totals 93% 
Some shade is required during 
second and third year. Once 
established, seedlings often 
survive a heavier cover of 
competing vegetation. With in­
creased age, however, seedlings 
tend to become more intolerant. 
Requires Q% of full sunlight 
for survival. 
H 
-r 
Root system well developed for 
securing water. Lower transpira­
tion rate does not allow it to 
cope very effectively with lethal 
temperatures. Good water con-
server, possessing efficient 
mechanism for growth. 
At the end of ninth year seedling 
mortality may total 89% 
Mortality is higher among older established Douglas-fir seedlings 
than for pine seedlings until about the thirtieth year when the 
rates are reversed. 
I 
z,one of root competition extends to 9 inches where grass is orincioal ground 
cover (39). 
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C. SIGNIFICANT DIFFERENCES OF THE TWO SPECIES 
Table 1 shows that there are a great many basic 
similarities between ponderosa pine and Douglas-fir in 
the establishment of seedlings. The differences noted 
in the table and as summarized below have a distinct 
bearing in determining which species will dominate the 
mixed stands in the tension zones (1) Douglas-fir produces 
seed at an earlier age, in greater quantity, more fre­
quently and seed is carried further from its source than 
pirie. (2) Douglas fir will establish itself and grow under 
more overhead cover than will pine. (3) Ponderosa pine will 
resist drought conditions better than fir. (^) Douglas-fir 
seedlings are more readily damaged and killed by excessive 
heat. (5) The fir is more susceptible to frost injury. 
(6) Pine seedlings have a higher mortality than fir in 
early youth, but in the pole and sapling stage Douglas-fir 
shows a higher mortality rate than pine. (7) Pine is 
faster growing in the juvenile stage. 
From these differences the following conclusions 
may be drawn: (1) In mixed stands where advanced reproduction 
is present prior to logging, the tolerant Douglas-fir will 
predominate in the understory. (2) On warm dry slopes, 
pine can be expected to regenerate itself, with a proper 
seed source, without serious competition from fir. (3) On 
relatively moist sites in mixed stands, Douglas-fir can be 
-Un­
expected to predominate in the second growth stands, if 
an equal number of seed trees of each species is left. 
The following silvicultural practices are recom­
mended to increase the amount of ponderosa pine repro­
duction in the cut-over stands in the Douglas-fir-pon-
derosa pine transition areas: (1) proper spacing of pine 
seed trees, and the elimination of the seed source of the 
undesired species. (2) Broadcast burning following logging 
to eliminate advanced Douglas-fir growth. (3) Expose 
mineral soil during logging and slash piling, while des­
troying as much fir reproduction as possible (16) (*+0) (*f2). 
D. ROLE OF ADVANCE REPRODUCTION 
Ponderosa pine will best succeed itself if there 
is sufficient advance pine reproduction at the time of 
logging (20) (53) (5*+). Establishment of a sufficient 
understory of pine under a heavy overstory is difficult 
due to shading which hinders the establishment of pine 
reproduction. Only when the mature stand shows signs of 
breaking up, will sufficient pine reproduction become 
established (28). It may require as long as 30 years 
to establish adequate stocking in the understory, 
particularly on the poorer sites (2?) (*f2). This long 
period required for adequate stocking is the accumulated 
result of many factors including drought, frost, de­
struction of seed crops, infrequent seed years and ground 
cover composed of competing vegetation(5*0 (55). Pine in 
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the understory will show little growth, if any, requiring 
15 to 20 years to grow three or four feet in height. Upon 
release following cutting, they show remarkable growth, 
growing a foot a year (20) (3*0. A considerable portion 
of the advanced understory is lost during and following 
logging. However, much of the loss, due to mechanical 
injury at the time of logging, is to an age class that 
would succumb to the high mortality rate before attaining 
merchantable size (3*+) (*+1). 
The long period of time required to adequately 
stock the understory to pine, becomes very serious on 
sites where sufficient moisture is available for the 
establishment of Douglas-fir reproduction. Douglas-fir's 
reproductive hnbits are such that it finds little 
difficulty in establishing itself under a pine overstory, 
where sufficient soil moisture is available (15) (29) (30) 
(55). The danger is always present that before the under­
story can become adequately stocked to pine, Douglas-fir 
may become established in such number that pine will not 
be able to reproduce itself in the understory. Boe (15) 
found that in the cut-over lands of Western Montana, 
ninety-eight percent of the reproduction stand is Douglas-
fir, and that changes in the composition of stands in the 
tension zones are due principally to the presence of 
Douglas-fir advance reproduction. 
II. COLLECTION OF FIELD DATA. ON CUT-OVER AREAS 
The field data for the problem was collected by 
members of the senior class of the Montana State University 
school of forestry in the spring of 1950. This was done 
as part of the required work in the forest management 
course. Approximately 3500 square four-milacre repro­
duction plots'*" were established and from these were se­
lected plots used in this reproduction study. These plots 
x^ere temporary in nature. In addition to the reproduction 
plots larger circular plots, having their center points 
common with the center of the ̂ -milacre square, were 
established on which sawtimber, pole and ingrowth data was 
collected. 
As each reproduction plot was established in the 
2 
field the following information was recorded: (1) Each 
plot was given a code number, locating it within the 
3 
section and forty. (2) The exposure. (3) The degree 
of slope, expressed in topographic degrees. (*+) The number 
and diameter size of reproduction by species in each mil-
acre. (5) The dominant tree on the four-milacre square 
-18-
1 
The center of the plot was also the common corner 
of the four milacre squares. A milacre (1/1000 acre) 
being 6.6 feet on a side. 
2 
See the samole field tally form in the appendix. 
3 
Forty acre square, a subdivision of the standard 
General Land Office 640 acre section. 
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was noted as to size, species and general location 
1 
within the plot. Additional data on dominant trees 
was obtained when the reproduction plot represented a 
change in site index. 
2 
All seedlings, saplings and poles up to *+.*+9 
3 
inches d.b.h. were counted as reproduction and recorded. 
The dominant tree was selected on a basis of size, 
dominating position with respect to the other trees 
adjacent to it, the condition of its associates and 
the various silvicultural characteristics which determined 
its vigor in comparison with its competitors under each 
particular set of environmental conditions. 
1 
The dominant tree was not selected from the 
reproduction alone, but from all the trees having more 
than 50% of the stem within the plot boundaries. 
2 
Using the standard forestry terminology adopted 
by the Society of American Foresters a sapling is a 
young tree ranging in size from 2 inches to *+ inches 
d.b.h. A pole is a 3/oung tree ** inches or more in d.b.h. 
with a maximum size of from 8 to 12 inches. Pole as used 
in this sense is not to be confused with a merchantable 
pole, one that could be used for a utility or telephone 
pole. A seedling as used in this paper is any young tree 
not large enough to fall in the sailing class. 
3 
Diameter breast height, generally *+.5 feet 
above the average ground level. 
III. COMPILATION AND ANALYSIS OP THE FIELD DATA 
Of the 3500 plots located on the Lubrecht 
Experimental Forest 792 were used in the reproduction 
study. Of these 7*+6 were again used in the dominant 
tree study. The reasons for using less than one-fourth 
of the available plot information are many. The plots 
were located at elevations of from *f000 to 5600 feet. 
At the higher elevations the plots were often located 
in subalpine types. Elsewhere in stream bottoms and 
on moist north slopes the plots were not in the 
ponderosa pine type. In some of the more inaccessible 
sections, and in pockets of cut-over sections, re­
production Dlots were located in virgin stands. Type 
1 
maps, aerial photos and cruise data sheets were 
constantly checked during the compilation to detect 
and eliminate those plots that were not applicable to 
the problem under observation. While the aerial photos 
and type maps aided in the discarding of groups of plots 
located in virgin stands, the cruise sheets were invalu­
able in determining the general type classification of 
the stands prior to logging. By studying the residual 
stand, as recorded on the cruise sheet it was possible 
to make a general classification of the pre-logging 
stand. In some cases where there was little or no residual 
-20-
1 
See the sample form located in the appendix. 
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st and it was necessary to consult the aerial photographs 
and make visual comparisons with known cut-over pine 
stands of similar appearance. Only those plots that 
were located in cut-over pine stands were used through­
out this study. 
Only a small proportion of the plots were dis­
carded on the basis of location. The greatest number 
of rejections were attributed to improper field recording 
on the part of the individual members of the field crews. 
These errors and omissions can be mainly attributed to: 
(a) lack of experience in field techniques (b) carelessness, 
partially due to the shortage of time that could be alloted 
to the collection of the field data and (c) insufficient 
supervision in the field traceable to the unusually large 
number of crews active in the field in this particular year. 
Plots were considered incomplete, and consequently 
rejected when (a) slope, (b) aspect or (c) both were 
omitted. Some of the plots acceptable for the reproduction 
study were not acceptable for the dominant tree analysis 
for one of the following reasons: (a) Crews failed to 
denote the dominant tree, (b) Species was indicated, 
but the size was omitted, (c) The species or size tree 
indicated or both was not consistent with the reproduction 
1 
information. (d) More than one tree was listed as 
1 
Example: A zero inch pine was listed as the 
dominant tree, while the plot had a four inch d.b.h. 
Douglas-fir listed. 
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dominant for the four-milacre plot. 
The four-milacre square was the basic unit used 
in this study. They were grouped by aspect in all cases. 
An additional stratification was provided by classifying 
each plot, within each aspect, as being on gentle to 
rolling ground or on steep ground. Fifteen percent 
grade was arbitrarily selected as the dividing point. 
A correction factor had to be introduced to change the 
topographic degrees, used in the field, to grade percent 
which was the unit of steepness used in the analysis. 
1 2 
A.IMPORTANCE OF EXPOSURE AND SLOPE GRADIENT ON REPRODUCTION 
In Western Montana it is not uncommon to see the 
south side of a low lying ridge covered with grass, while 
immediately over the crest the north-facing slope is 
covered with a stand of coniferous timber. The difference 
in vegetative ground cover is an expression of the 
environmental differences resulting in the difference in 
exposure. While the differences are most apparent where 
the two extremes are grass and trees, these differences 
exist at higher elevation. Here both north and south 
slopes may be tree-covered but there is generally a 
difference of species. 
3 
North and east facing slopes have lower soil 
1 
Exposure refers to the direction of the down 
hill slot>e of the land. 
2 
Gradient refers to the steeoness of the slone. 
3 
In the northern hemisphere only. 
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terrsperatures than those slopes with a southern or western 
exposure (32) (M+) (52). The effect is greatest upon 
the maximum soil temperature, rather than upon the minimum. 
Seedlings that are more susceptible to heat injury, or 
less resistant to drought conditions would not be expected 
to do as well on south and west facing slopes. 
Exposure also influence soil acidity, which in 
turn may effect tree reproduction. The ph values of soils 
on north slopes tends to be lower than the soils found 
on south and west slopes (32). 
On eastern slopes serious damage to seedlings, 
due to frost heaving, usually follows clear cutting or 
heavy selection cutting. These exposures catch the full 
force of the early morning sun. Thawing is very rapid 
and correspondingly destructive to tender root tissues 
( 8 ) .  
Gradient must also be considered along with 
exposure. The effects of exposure are increased with 
increasing steepness of slope grade. Steeper south 
slopes receive the direct rays of the sun, while gentle 
slopes of the same exposure are exposed to the slanting 
rays of the sun. Gentle north slopes may receive a 
great deal of sunlight that hits the ground at a very 
shallow angle. Precipitous north slopes may receive 
little, if any, direct sunlight. The effect of severe 
shading is fatal to many species of trees. 
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Combined, the effects of slope and exposure 
can have a considerable influence on the limits of 
the ranges of various plants. The effects are equivalent 
to a change of latitude. Ground sloping one degree to 
the north or south lies in the same solar climate as 
level ground 60 to 70 miles away, in the direction of 
sloping (32) (52)o 
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3 REPRODUCTION PER ACRE, BY SPECIES 
Table II summarizes the total number of re­
production per acre of each species within sections. 
It represents a general picture of the reproduction 
situation on the Lubrecht Forest# Here it is clearly 
shown that on the cut-over pine stands, Douglas-fir is 
reproducing in greater numbers than pine at a ratio of 
more than three to one. On some sections it appears that 
the pine is reproducing favorably in competition with 
Douglas-fir, while on others, ponderosa pine is failing 
to regenerate itself. 
In sections 5 and 9 (T13N, R15W) there is an 
equal number of both species per acre. Pine would be 
expected to make a good showing in the reproduction 
stands in section 5 as this section has a general 
southly exposure. On the other hand section 9 is roughly 
divided in half by an east-west ridge that places half 
of the section on northerly aspects. 
Ponderosa pine reproduction in sections 13 (T13N, 
R15W) and 31 (Tl*fN, R15W) is nil as compared to Douglas-
fir. Section 13 and the sampled portion of section 31 
are on northly slopes, so the non-existence of ponderosa 
pine is not too surprising. On the remaining sections, 
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TABLE II 
TOTAL REPRODUCTION OF DOUGLAS-FIR AND PONDEROSA 
PINE, BY SECTIONSl 
Township 
and 
range 
Section 
Ponderosa pine 
per acre 
Douglas-fir 
per acre 
2 l+91+ 676 
3 80 568 
5 519 5Mf 
T 13 N 9 253 260 
R 15 W 11 356 68^ 
13 15 1,320 
15 23b 1,066 
22 361 1,1M+ 
23 27 9^5 
T lb N 31 16 719 
R 15 w 32 31 266 
Weighted average 220 733 
1 
Based on 3326 milacres. This included 160 mil-
acres that were not included in the remaining of the re­
production study, because they were on level ground and 
as such, could not be broken down by aspect or slope. 
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there is a variance of the fir-pine reproduction ratio 
with ponderosa pine in the minority in all sections. 
Summarizing the total number of reproduction 
stems per acre by sections does not necessarily give 
an adequate conception of the condition of the re­
production stands. Where reproduction of one species 
tends to become established in small dense groups, this 
method of summarizing \fould tend to give the impression 
of adequate stocking. In reality, such dense groupings 
of large numbers, will, in a few years, cause a large 
number of the seedling to succumb to suppression. At 
the end of that time the numbers will be considerably 
reducedo 
Stocking based upon the presence of a given 
species, regardless of number, within a milacre plot, 
is considered a more reliable basis for determination 
of adequate reproduction stocking. This method has 
some drawbacks which will be discussed in the following 
section,, 
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G. rilLACrlE STOCKING BY SPECIES 
In order to determine the distribution of re­
production stocking on the Lubrecht Forest, the follow­
ing method was used in the analysis. A milacre was 
1 
regarded as stocked to a specific species if it had 
one or more reproduction stems, of that species, within 
the one-milacre plot. Numbers of reproduction of each 
species we re disregarded. A plot with one pine (or fir) 
seedling was given the same relative value as a plot with 
ten pine (or fir) seedlings. It was felt that this was 
.justified in the long run, for a milacre could support 
those ten seedlings for only a comparatively short time. 
Over a period of years, only one or two trees could be 
expected to survive, if stagnation did not set in. It 
may be argued that the odds against the single seedling 
surviving are much greater than the odds of having one 
of the ten survive. Hoi\rever, it was felt that the single 
seedling, under similar conditions, would be a healthier, 
more vigorous specimen,, It would be less likely to 
succumb to unfavorable environmental conditions than 
the ten seedlings weakened by a severe competitive 
struggle for the domination of the site. 
1 
A milacre could be stocked to two or more species. 
A milacre plot contained 3 fir seedlings ?.nd one pine 
seedling was considered stocked to both species. This 
plot was given the same relative value as a plot contain­
ing one pine and one fir seedling. 
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In this part of the analysis, if a ^-milacre 
plot had one or more Douglas-fir reproduction stems on 
three of the milacres, the plot was considered 75% 
stocked to Douglas-fir reproduction. 
1. COMPARISON OF STOCKING BY SPECIES, ON VARIOUS ASPECTS 
The percentage of milacres stocked to Douglas-
fir and ponderosa pine reproduction on the different 
aspects are shown in Table III and Figure 2. Ponderosa 
pine reproduction has failed to stock a greater number 
of milacre plots than Douglas-fir, except on the warmest 
slopes. Even on the southwest slopes, pine reproduction 
has stocked less than 20$ of the plots. This is only 
3.6% more than the Douglas-fir stocking and is not a 
1 
significant difference. On the southly exposures, 
where pine would normally be expected to numerically 
dominate the reproduction stand to the relative exclusion 
of Douglas-fir, pine and fir stocking are equal. On all 
other exposures Douglas-fir stocking exceeds the stocking 
2 
to pine. The difference is significant on northwest, 
north, northeast, east and west exposures. The future 
is not very promising for ponderosa pine on any exposure 
within the Lubrecht Forest. The indications are that 
in the areas most favorably stocked to ponderosa pine, 
-
Reference is made to Table XIII in the appendix. 
2 
See Tables VII, VIII, IX, and XIV in the appendix. 
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TABLE III 
MILACRE STOCKING TO PONDEROSA PINS AND DOUGLAS-FIR 
REPRODUCTION, 3Y ASPECTl 
Aspect Ponderosa pine 
(percent) 
Douglas-fir 
(percent) 
NW 7.78 *+2.78 
N *+.35 33.70 
NE 7.25 29.85 
E lb. 13 20.65 
SE 17.08 19.58 
S 15.05 1^.92 
SW 19.80 16.23 
W 12.25 28.50 
1 
See Figure 2 for a more graphic presentation. 
OOMPAPATTtn? MTT.AnRTS OTOGKINft OF PONOFROSA PINK 
AND DOUGLAS-FIR REPRODUCTION BY ASHSvA 
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it composes only 50% of the stocked areas. On north 
aspects, where pine reproduction stocking is poorest, 
it comprises a mere 11$ of the present reproduction 
stand. This is particularly discouraging when it is 
pointed out that in Western Montana typical pine stands 
on northly slopes originally had a composition that was 
75% ponderosa pine. On southerly slopes the original 
compositions were 3^% pine (15). 
2. COMPARISON OF STOCKING BY SPECIES ON VARIOUS SLOPES 
GRADIENTS WITHIN ASPECTS 
The object of this portion of the reproduction 
study was to determine to what extent, if any, slope 
gradients affect the amount of reproduction of the two 
species on various aspects. Table IV and Figure 3 show 
the percentage of stocking on different slooes and aspects. 
1 
Douglas-fir is reproducing with significantly 
greater success on the steeper (over 15%) east slopes 
than on the shallower slopes. In contrast to this, Douglas-
fir is reproducing v/ith less success on steep slopes with 
south, southeast and southwest exposures. This is to be 
expected, as these steep slopes are subject to markedly 
higher soil temperatures and severer drought conditions 
than gentle slopes of the same exposures. However, 
1 
See Table XVII in the appendix. 
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the stocking differences are not significant and may 
be due to chance. 
In this study, ponderosa pine stocking apparently 
increases inversely with slope gradients. On all aspects 
there is less pine reproduction stocking on steeper 
slopes than on gentle slopes. These differences are 
generally small but are significant on northwest and 
2 
east slopes. On steep, warm, exposed sites on south 
and southwest aspects Douglas-fir reproduction stocking 
numerically approaches ponderosa pine stocking. This 
is both surprising and discouraging, for these sites 
should be expected to support almost pure open stands 
of pine. Instead, the trend on these aspects is toward 
mixed stands, with Douglas-fir comprising 50% of the 
stand. 
D. ESTIMATE OF THiC COMPOSITION OF THE FUTURE STANDS 
A study of the dominant tree in each *+-milacre 
plot was made to determine what the composition of 
the future stands would be. In the analysis, emphasis 
was placed on the dominant reproduction within each 
plot. This dominant tree analysis was made, also, to 
_ 
See Tables XVII, XIX and XX in the appendix. 
2 
See Tables XXII and XXIV in the appendix. 
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TABLE IV 
MILACRE STOCKING BY SLOPE GRADIENT WITHIN ASPECTS 
Aspect Slope Ponderosa pine 
(percent) 
Douglas-fir 
(percent) 
IW 1-15$ , 
over 15$ 
10.00, 
.00x 
5+5.00 
35.00 
N 1-15$ 
over 15$ 
5.30 
3.18 
^5.38 
31.02 
NE 1-15$ o 
over 15$ 
7.25 28.85 
E 1-15$. 
over 15$ 
19.03 
6.25 
16.55 
27.28 
SE 1-15$ . 
over 15% 
18.85 
13.63 
19.90 
18.18 
S 1-15$ „ 
over 15% 
17.20 
12.78 
18.23 
11.HO 
SW 1-15$ 
over 15$ 
22.73 
15.90 
17.05 
15.15 
w 1-15$ . 
over 15% 
13.10 
11.65 
27.38 
29.30 
1 
Based on *+0 milacres. 
2 
There were no plots within this category. 
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check the findings of the reproduction study and to 
determine to what extent, if any, the difference in 
vigor of the two species on various aspects and 
slopes would alter the composition trends as indicated 
by the present milacre stocking. For example: In the 
milacre reproduction stocking analysis, many of the 
milacres on southern exposures were stocked to both 
pine and fir. By a study of the dominant tree data, 
it was thought that perhaps a larger portion of the 
fir would be found growing with less vigor than the 
pine on these warmer exposures and that a larger portion 
of these pine-fir stocked milacres would be dominated 
by pine reproduction. 
1. COMPOSITION BY ASPECTS 
The dominant reproduction on ̂ f-milacre plots 
are summarized in Table V and graphically presented 
in Figure *+. This summary indicates essentially the 
same conditions shown in the reproduction stocking 
study with the following exceptions: (a) On east aspects 
ponderosa pine and Douglas-fir are forming future mixed 
stands with pine comprising 50% of the stand, although 
fir now composes two-thirds of the present reproduction 
1 -37-
stand; (b) On southeast and south slopes, ponderosa 
pine will dominate the stands with fir comprising 
b0% of the mixtures, although fir stocking is higher 
than pine on southeast aspects and equal to pine on 
south slopes; (c) Although pine reproduction now 
stocks a larger number of milacres than fir, on south­
west exposures, it will dominate less than of the 
mixed pine-fir stands now coming in on those slopes. 
The dominant tree analysis when compared to 
the reproduction study shows that ponderosa pine fares 
relatively better in the former, at least on south 
and east exposures. However, the presence of large 
numbers of dominant "Douglas-fir reproduction on all 
aspects is nevertheless alarming. 
1 
The reproduction study indicates that two-thirds 
of the stocked milacres are stocked to Douglas-fir. The 
dominant tree analysis, however, indicates that pine 
dominates 50$ of the larger ^-milacre plots. As the 
stand matures the ^--milacre plot becomes the basic unit 
for study. One tree in each plot would give a stocking 
of 250 tree per acre. The future composition of the 
stands are based on this larger unit while the reproduction 
study uses the single milacre as the basic unito 
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TABLE V 
1 
COMPOSITION OF THE FUTURE STANDS, BY ASPECT, AS DETERMINED 
BY THE DOMINANT REPRODUCTION ON EACH FOUR-MILACRE PLOT 
Aspect Ponderosa pine Douglas-fir 
NW 13.6 U-7.8 
N 7.1 6̂.9 
NE 10.•+ Mf.8 
E 27.5 26.7 
SE 35.1 23.3 
S 30.5 20.8 
SW 23.7 30.3 
w 16.7 3̂ .8 
1 
Expressed as the percentage of '*+-milacres plots 
stocked to each species, based upon the total number of 
plots studied, including unstocked plots. 
FIGURE k 
COMPARATIVE DOMINANCE, BY ASPECT. OF PONDERS PTNE At© 
DOUGLAS-FIR REPRODUCTION 
ASPECTS 
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2. COMPOSITION ON VARIOUS SLOPES WITHIN EACH ASPECT 
The percentage of *f-milacre plots dominated by 
Douglas-fir and ponderosa pine on various slopes within 
aspects, are shown in Table VI and Figure 5» Compared 
with Table IV, they indicate essentially the same 
conditions: (a) Douglas-fir dominates all three cate­
gories of northerly exposures with steeper slopes show­
ing less density of stocking to both species, (b) Pine 
dominates the gentle east slopes whereas fir iominates 
the steeper slopes of this aspect, (c) Steep west 
slopes favor Douglas-fir stocking and domination, more 
so than gentle slopes of the same exposure. 
There are some differences to note, as well. 
In the dominant tree analysis, there is: (a) almost 
an equal amount of dominance of both pine and fir on 
gentle v/estern slopes, (b) a considerably higher pro­
portion of the stocked plots are dominated by pine on 
all slope gradients with south and southwest exposures, 
(c) noticeably greater pine domination on gentle east 
slopes, and (d) a greater percentage of Douglas-fir 
dominance than its stocking would indicate, on gentle 
southwest slopes. 
-Ci­
table vi 
i 
composition of THE future stands, by SLOPE and aspect, 
AS determined by THE DOMINANT reproduction on each four-
milacre plot 
Aspect Slope Ponderosa pine Douglas-fir 
NW 1-15# 
over 15# 
16.7 55.8 
12.5 
N 1-15# , 
over 15% 
7.9 
6.2 
*+9.5 
3̂.2 
NE 1-15% 2 
over 15# 
11.5 50.0 
E 1-15# , 
over 15# 
36.2 
11.1 
18.8 
bl.7 
SE !-!5% ^ 
over 15# 
36.8 
27.b 
2b .5 
18.2 
S 1-15# f 
over 1% 
32.9 
28.1 
2b.5 
16.9 
sw 1-15# , 
over 15% 
20.9 
27.3 
32.7 
27.3 
w 1-15# 
over 15# 
21.0 
1̂ .3 
29.0 
39.0 
1 
Expressed as the percentage of ̂ --milacre plots 
stocked to each species and based upon the total number 
of plots observed, including unstocked plots. 
2 
Insufficient number of plots fell within this 
category. 
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iv. summary and conclusions 
The Lubrecht Experimental Forest in Western 
Montana lies along the fringes of the broad transition 
zone where the climax Petran Montane forest merges 
with the climax Coast forest. In this transition zone 
there is a great deal of tension between ponderosa 
pine and Douglas-fir for stand dominance, particularly 
on relatively moist sites. On these sites Douglas-fir 
is the most numerous and vigorous competitor of pine. 
Recently some fear has been expressed that Douglas-fir, 
through the presence of advance reproduction at the 
time of logging, is replacing ponderosa pine on many 
of the cut-over stands in Western Montana. 
A reproduction study and dominant tree analysis, 
was conducted on the cut-over pine lands within the 
Lubrecht Experimental Forest to determine the condition 
of the reproduction stand on various slopes and aspects. 
Emphasis was placed on the relative amount and vigor of 
the fir and pine reproduction stocking. Ponderosa pine 
is the desired species from both an economic and silvi-
cultural standpoint. It produces a higher quality 
lumber and -fields a larger volume per acre than the 
inferior form of Douglas-fir. Therefore, it is the aim 
of silviculturists to perpetuate and favor pine in the 
-1+3-
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mixed pine-fir stands which are typical of the Lubrecht 
Forest. 
Summarizing, the study shows that Douglas-fir 
reproduction is three times as plentiful as pine in 
stands that were originally 75 to 8>+# ponderosa pine. 
On all three northerly aspects Douglas-fir is restock­
ing and dominating three to ten times as many plots as 
ponderosa pine. 
Gentle slopes with east exposures are stocked 
with twice as much pine reproduction as fir but the 
fir dominates half of the stocked plots. Steeper slopes 
on these exposures favor Douglas-fir stocking and 
dominance over pine in a ratio of four to one. 
Southeast and south slopes, though stocked with 
essentially equal numbers of pine and fir reproduction 
are dominated by pine on 60# of the stocked plots. 
On gentle southwest slopes pine reproduction 
stocks a greater percentage {57%) of plots than does 
fir, yet it dominates only 39# of the stocked plots. 
Steep slopes on these exposures have essentially equal 
stocking and each species dominates approximately half 
of the reproduction stand. 
All slopes with west exposures are twice as 
heavily stocked to Douglas-fir reproduction as opposed 
-l+5-
to ponderosa pine. Nevertheless, on the gentle slopes 
pine dominates k-2% of the stocked plots. But on steep 
slopes the percentage drops to 27%. 
On the cut-over lands of the Lubrecht Experimental 
Forest, ponderosa pine is not reproducing itself satis­
factorily in competition with Douglas-fir. At best, on 
the warmer southerly exposures it is restocking in the 
same proportion as its most vigorous competitor. On less 
favorable exposures, the reproduction stands are stocked 
with a high proportion of Douglas-fir. On some of the 
warmer sites, ponderosa pine is expressing its intolerance 
by dominating as much as 60% of the reproduction stands, 
while on other sites that are generally thought of as 
pine sites, noteably on southwest slopes, fir dominates 
more than 50% of the stands. 
The results of logging without adequate silvi­
culture in mixed pine-fir stands are shown on the cut-over 
areas of the Lubrecht Forest. Had some silvicultural 
measures been taken to (a) eliminate the advance reproduction 
of Douglas-fir during the logging operations and (b) to 
provide a sufficient overstory of pine to reseed the area, 
the present conditions might not exist. As they appear 
today, the cut-over lands of the Lubrecht Forest are form­
ing mixed second-growth stands that will have a composition 
consisting largely of Douglas-fir, where ponderosa pine 
once predominatedo 
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APPENDIX 
TABLE VII 
STATISTICAL COMPARISON OP DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON NORTHWEST SLOPESl 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked stocked 
X F FX FX2 X F FX 
2 
FX 
0 35 0 0 0 11 0 0 
1 7 7 7 1 lb 1̂  lb 
2 2 b 8 2 6 12 2b 
1 3 9 3 5 15 b5 b 0 0 0 9 36 Ibb 
b5 lb 2b z. b5 77 22 7 
M .311 M 1.711 
(%) (7.78) (1+2.78) 
- W- -661 - ®!iA56 
d~M- » »66l = _ l.lf56 _ P1y 
2 5̂" 
<*d - V(.099)2+ (.217)2 = .238 
M - M » 1.711 - .311=1.̂ 00 
2 1 
l.̂ OQ -= 5.88 normal deviates 
.238 
This is a very significant difference. There is practically 
no chance in 100,000 that this difference could be attributed 
to chance. 
1 
These include all slopes gradients from almost level 
to precipitous grades. 
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TABLE VIII 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA 
REPRODUCTION STOCKING ON NORTH SLOPES 
Ponderosa pine Douglas-fir 
Milacres 
stocked 
X F FX 
2 
FX 
Milacres 
stocked 
X F FX 
2 
FX 
0 153 0 0 0 72 0 0 
1 20 20 20 1 39 39 39 
2 b 8 16 2 25 50 100 
3 1 3 9 3 17 51 153 
b 0 0 0 25 100 0̂0 
£ 
M 
i t )  
173 31 
.17̂  
(*+.35) 
M-5 £ 
M 
(%) 
178 2̂ -0 
1.3̂ 8 
(33.70) 
692 
<rA hi J 31) , 
'178 1̂78/ 
.**72 
6M = jptZS. - .035 
1 
rAm -(22) - i M k  
178 \178/ 
, 1,If3tf = .107 
2 1̂78 
<Td - V(.035)2 + (.107)2 -.113 
M - M = 1.3W - .17̂  ® 1.17̂  
2 1 
1.17̂  
.113 
= 10.̂ 17 normal deviates 
This is a very significant difference. There 
is less than one chance in 100,000 that the difference 
could be attributed to chance. 
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TABLE IX 
STATISTICAL COMPARISON 0? DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON NORTHEAST SLOPES 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked 
2 
stocked 
2 
X F FX FX X F FX FX 
0 25 0 0 0 15 0 0 
1 5 5 5 1 7 7 7 
2 0 0 0 2 1 2 if 
3 0 0 0 3 if 12 36 
if 1 b 16 >f b 16 6>+ 
2. 31 9 21 £. 31 37 111 
m .290 m 1.19*+ 
(%) (7.25) (29.85) 
""•fs- fs?) 2 •  •m  !  • 1 M 8  
= *770 = .138 6M - 1*̂ 68 2̂6lf 
1 fir ; 2 fir-
' / 2 2 
<*D = y(.138) + (.26*0 =.298 
M - M - 1.19>f - .290 «.90*f 
2 1 
2̂2̂  = 3.03 normal deviates 
This is a significant difference. There are only 
2U-0 chances in 100,000 that this difference could be 
attributed to chance. 
/ 
TABLE X 
STATISTICAL CO.-iP ALISON OF OOUGLAS-FIri AND PONDErtO&A PINE 
REPRODUCTION! STOCKING ON EAST SLOPES 
Pondeross Pine Doug las-fir 
Milacres Milacres 
stocked stocked 
2 2 
X F FX FX X F FX FX~ 
0 77 0 0 0 6o 0 0 
1 22 22 22 1 30 30 30 
2 8 16 32 2 15 30 60 
3 5 15 k* 3 tr 15 i J .  ). 
nr 3 12 h-3 *'+ 5 20 DO 
2. 115 65 1̂ 7 s. 115 95 n i  cr 
r t  
ivi .565 M .862 
( : • )  (1̂ .13) (£) (20.65) 
<*"• .979 _/._V  ̂1.06: 
F115 [iiy »ii5 [ny 
6~U = *979 = >091h. = 1.062 _ 0O 
1 VTT? o •- - - — -
^̂ V 2 2 
<$D = J( .091*+) + (.0990) - .135 
)990 
M - M = .862 - .565 = .297 
2 1 
OQ7 
* T -  2 . ? 0  n o r m a l  d e v i a t e s .  
.135 
This is a significant difference. There are 
2,730 chances in 100,000 that the difference could be 
attributed tc chance. 
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TABLE XI 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTHEAST SLOPES 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked stocked 
2 2 
X F FX FX X F FX FX 
0 35 0 0 0 36 0 0 
1 m- lb lb 1 11 11 11 
2 6 12 2b 2 6 12 2b 
3 5 15 b5 3 12 36 
0 0 0 b 3 12 *f8 
£. 60 *fl 83 £. 60 b7 119 
M .683 M .7 83 
(%) (17.08) (%) (19.58) 
6"1u< )̂2 -- -958 
= .958 ,12i+ <TM s 1.170 _ 
1 W 2 ~iW ~ 
2 2 
12»f) -f- (.151) « .195 
M - M -= .783 - .638 = ,1k5 
2 1 
= .7̂  normal deviates 
.195 
This is not a significant difference. There are 
*+5,920 chances in 100,000 that this difference could be 
attributed to chance. 
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TA3LE XII 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTH SLOPES 
Ponderosa pine Douglas-fir 
Milacres Milacres 
stocked 
2 
stocked 
2 
X F FX FX X F FX FX 
0 116 0 0 0 122 0 0 
1 39 39 39 1 36 36 36 
2 21 k2 8*+ 2 13 26 52 
3 9 27 81 3 11 33 99 
if 1 b 16 1+ 16 61+ 
£ 186 112 220 £ 186 111 251 
M .602 M .597 
(%) (15.05) (%) (1̂ .92) 
1̂/220- (21) - .906 
1 186 \l?ySj 
= .0666 =, *997 n7̂ n 
1 msr 2 ttst - 15 
j 2 2 
do - y( .0666) -+- (.0733) =.0990 
M - M = .602 - .597- .005 
1 2 
.l22̂  = .051 nor-.ial deviates 
.099 
This difference is not significant. Thero are 
96,020 chances in 100,000 that this difference could be 
attributed to chance,, 
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TABLS XIII 
STATISTICAL CCHPA..ISON OF DOUGLAS-PIK AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTHWEST SLOPES 
Ponderos a pine Douglas-fir 
Milacres Milacres 
stocked 2 stocked 2 
x f fx fx x f fx fx 
0 b9 0 0 0 *+9 0 0 
1 13 13 13 1 15 15 15 
2 3 6 12 2 8 16 32 
3 6 18 5b 3 1 3 19 
6 2b 96 b b 16 6b 
£ 77 6l 175 £ 77 50 120 
M .792 M .61*9 
(%) 
-(19.80) (JO (16.23) 
6*1175 
77 -i) 
= 1.283 
1 7̂7" 
o=-\ 120 
= 1.066 
1.066 
dD =̂ ( .l̂ )2 + (.122)2 = .190 
M - M = .792 - .64-9 - .1**3 
1 2 
*̂ 3 _ .752 normal deviates. 
.190 
This is not a significant difference. There are 
i+5,320 chances in 100,000 that this difference could be 
attributed to chance. 
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TA3LE XIV 
STATIoTIOAL COMPARISON OP DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON WEST SLOPES 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked 
2 
stocked p 
X F FX FX X F FX FX 
0 71 0 0 0 51 0 ' 0 
1 15 15 15 1 16 16 16 
2 10 20 ifO 2 11 22 Ifif 
3 2 6 18 3 12 36 108 
2 8 32 if 10 >+0 160 
Z 100 i*9 105 £ 100 lib 328 
M .if 90 M i.Tho 
{%) (12.25) 105 {%) (28.50) 
(S"=:-l/l05 /V?"\ =-900 <Si-J22S~fU)t)̂ _ , k07 
hoo [100j 1155" W 
<5m = W = >090 ^ _ UW.llfl 
1 floo 2 T|±'JU 
I 2 2 
<̂ D- ̂ (.090) + (.l̂ l) = .167 
M - M - l.lifO - >90- .650 
1 2 
- 3.892 normal deviates. 
.167 
This is a significant difference. There are only 
36 chances in 100,000 that the difference could be 
attributed to chance. 
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TABLE XV 
STATISTICAL COMPARISON OF DOUGLAS-FIR REPRODUCTION STOCK­
ING ON ROLLING AND STEEP 1 SLOPES ON NORTHWEST EXPOSURES 
1-15$ slopes Slopes over 15$ 
Milacres Milacres 
stocked 
P 
stocked 2 
X F FX FX X F FX FX 
0 8 0 0 0 3 0 0 
1 10 10 10 1 b •b b 
2 5 10 20 2 1 2 b 
3 5 15 b5 3 0 0 0 
If 7 28 112 if 2 8 32 
£ 35 63 187 £ 10 lb *f0 
M 1.800 M l.boo 
($) (*f5.oo) ($) (35.00) 
*••1/ i fz-( f f ) a ' ^°  A N  -^2!  .1.506 
'  1 0 - 1  
tfM - ilM = .502 
TIP- I 
<fD^j{.2h5) +(.502) = .559 
M - M =• 1.800 - 1.M-00 - .bOO 
1 2 
.*f00 _ ̂ 5̂ normal deviates 
559 
This is not a significant difference. *f7,l6o chances 
in 100,000 that this difference is attributable to chance. 
1 
Based upon Tarrant's (*+7) guide, rolling land is 
classified as being 15$ or under. Land over 15$ is 
classified as steep. This classification is used through 
to Table XXVIII. 
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TABLE XVI 
STATISTICAL COMPARISON OF DOUGLAS-FIR REPRODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES ON NORTH EXPOSURES 
1-15$ slopes Slopes over 15$ 
Milacres Milacres 
stocked stocked 
2 2 
X F FX FX X F FX FX 
0 39 0 0 0 33 0 0 
1 22 22 22 1 17 17 17 
2 12 2k »f8 2 13 26 52 
3 8 2b 72 3 9 27 81 
if 18 72 288 if 7 28 112 
£ 99 lb2 M-30 £ 79 98 262 
M 1Mb M 1.2M-1 
($) (35.85) ($) (31.02) 
30 _ f3M2\ 2=1#5l6 ^262 /98\ t1 < 3 33 
99 \99 / If 79 V79/ 
 ̂ .152 dM = 1.333 _ .150 
1 iw 2 -77̂ - -,x:?u 
5̂=/|/(.i52)2-»- (.150)2 = .160 
M - M = 1.1+31* - 1.2*+1 = .193 
1 2 
-1̂ 2̂  = 1.206 normal deviates. 
.160 
This is not a significant difference. There are 
22,620 chances in 100,000 that this difference is 
attributable to chance. 
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TABLE XVII 
STATISTICAL COMPARISON 0? DOUGLAS-FIR REPRODUCTION STOCK­
ING ON ROLLING AND STEEP SLOPES, ON EAST EXPOSURES 
1-15$ slopes Slopes over 15$ 
Milacres Milacres 
stocked p stocked o 
x f fx fx x f fx fx 
0 *+3 0 0 0 17 0 0 
1 16 16 16 1 14 14 14 
2 8 16 32 2 7 14 28 
3 1 3 % 9 3 4 12 36 
i+ 3 12 48 4 2 8 32 
£. 71 47 105 £. 44 48 110 
M .662 M 1.091 
($) (16.55) ($) (27.28 
-,11105 =1.023 
71 
-110 = 1.145 
, 1.023 = .121 dM = 1.1̂ 5 _ i7̂  
1 f7l 2 ifW 
2 2 
121) -f- (173) = .211 
M - M = 1.091 - .662 = .l+29 
2 1 
kOQ 
-—- = 2.033 normal deviates 
.211 
This is a significant difference. Only 4,240 
chances in 100,000 that this difference could be 
attributable to chance. 
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TABLE XVIII 
STATISTICAL COMPARISON OF DOUGLAS-FIR REPRODUCTION STOCK­
ING ON ROLLING AND STEEP SLOPES, ON SOUTHEAST EXPOSURES 
1-15$ slopes 
Milacres 
stocked 
X F FX 
2 
FX 
Milacres 
stocked 
X F FX 
2 
FX 
0 29 0 0 0 7 0 0 
1 10 10 10 1 1 1 1 
2 4 8 16 2 2 4 8 
3 3 9 27 3 1 3 9 
4 3 12 48 4 0 0 0 
£ 
M 
(50 
**9 39 
.796 
(19.90) 
101 2. 
M 
($) 
11 8 
.727 
(18.18) 
18 
Slopes over 15$ 
49 W 
1.195 
<T= 
is - iir 
ii 
i i - i  
= 1.104 
- 1*195 __ 
. 1 f?9 
M̂p = # ̂ 49 
fLl - 1 ~~ 
<TD=y(.l71)2+ (.349)2 = .389 
M - M - .796 - .727 - .069 
1 2 
.069 
.389 
= ,177 normal deviates 
This is not a significant difference. 85,720 
chances in 100,000 that this difference could be attri­
buted to chance# 
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TABLE XIX 
STATISTICAL COMPARISON 0F DOUGLAS-FIR REPRODUCTION STOCK­
ING ON ROLLING AND STEEP SLOPES, ON SOUTH EXPOSURES 
H
 
1 H
 
slopes Slopes over 15% 
Milacres Milacres 
stocked stocked 
X F FX FX2 X F FX FX2 
0 56 0 0 0 66 0 0 
1 23 23 23 1 13 13 13 
2 7 14 28 2 6 12 24 
3 7 21 63 3 4 12 36 
4 3 12 48 4 1 4 16 
£ 96 70 162 2. 90 41 89 
M 729 M .456 
CO (18.23) (£) (11.40) 
1-075 <r,||«2 .88̂  
1/90 \9Q/ 
- 1*07̂  - nn  ̂ _ 09g 
1 Y9̂  2 t90" " 
6v=\f. 
2 2 
110) -I-(.093) = .148 
M - M = .729 - .456 - .273 
1 2 
*̂ 73 _ 1.345 normal deviates 
.148 
This is not a significant difference. There are 
6,280 chances in 100,000 that the difference could be 
attributed to chance. 
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TABLE XX 
STATISTICAL COMPARISON 0? DOUGLAS-FIR REPRODUCTION STOCK 
ING ON ROLLING AND STEEP SLOPES, ON SOUTHWEST EXPOSURES 
1-15% slopes Slopes over 15% 
Milacres Milacres 
stocked p stocked O 
X F FX FX X F FX FX 
0 28 0 0 0 21 0 0 
1 8 8 8 1 7 7 7 
2 5 10 20 2 3 6 12 
3 0 0 0 3 1 3 9 
4 3 12 48 4 1 4 16 
£ 44 30 76 £ 33 20 )+4 
M .682 M .606 
(%) (17.05) (%) (15.15) 
'•#-(§)2=983 
<Tm - 1*124 ' V 
l" 3 -169 <5̂ .̂  = ,171 
^D=y|/(.l69)2+ (.171)2 = .240 
M - M =•.682 - .606 - .076 
1 2 
o076 
-= .317 normal deviates 
.240 
This is not a significant difference. There are 74,900 
chances in 100,000 that this difference could be 
attributed to chance. 
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TABLS XXI 
STATISTICAL COMPARISON OF DOUGLAS-FIR REPRCDUCTIOM STOCKING 
ON ROLLING AND STEEP SLOPES, ON vvESTERIJ EXPOSURES 
1 , 
H
 
i 
CT
"V
i 
slopes Slopes over 15$ 
Milacres Milacres 
stocked p stocked O 
x f fx fx x f fx fx 
0 23 0 0 0 28 0 0 
1 5 5 5 1 11 11 11 
2 5 10 20 2 6 12 24 
3 5 15 45 3 7 21 63 
4 4 16 64 4 6 24 96 
2. 42 46 13̂  21 58 68 194 
M 1.095 M 1.172 
(fo) (27.23) {%) (29.30) 
= 1*If°8 = .217 CTm = 1.172 _ lR(; 
1 2 " 
I 2 2 
/(.217) +(.185) - .285 
M - M = 1.72 - 1.095 =-.008 
2 1 
l22H - .027 normal deviates 
o28 5 
This is not a significant difference. 97,600 
chances in 100,000 that this difference is attributable 
to chance0 
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TABLE XXII 
STATISTICAL COWPAnlSON 0? P0N.0ER0SA PIHE nEPiiCDUCTION 
STOCKING ON itOLLING AND STEEP SLOPES ON NOaTHV/EST 
EXPOSURES 
1-15# slopes Slopes over 15% 
Milacres Milacres 
stocked 
2 
stocked 2 
x f fx fx x f fx fx 
0 25 0 0 0 10 0 0 
1 7 7 7 1 0 0 0 
2 2 4 8 2 0 0 0 
3 1 3 q • 3 0 0 0 
4 0 0 0 4 0 0 0 
2. 35 14 24 2 10 0 0 
m .400 m 0 0 
(?0 (10.00) (JO 0 0 
*VsiW 
6̂  .725 
(f\ ~ = .123 
X Y3T J 2 2~ 
<*D=y(.123) +"(0) ».123 
M - M =* .400 - 0 «.400 
2 1 
.a 3*252. normal deviates 
• X.C-
This is a significant difference. There are 146 
chances in 100,000 that the difference could be attributed 
to chance0 
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TAbLK XXIII 
STATISTICAL COMPARISON OP PONDEROSA PINE REPRODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES ON NORTH EXPOSURES 
1-15% slopes Slopes over 15$ 
Milacres Milacres 
stocked 2 stocked 2 
X F FX FX X F FX FX 
0 83 0 0 0 70 0 0 
1 12 12 12 1 8 8 8 
2 3 6 12 2 1 2 4 
3 1 3 9 3 0 0 0 
4 0 0 0 4 0 0 0 
Z 99 21 33 2. 79 10 12 
M .212 M .127 
(#) (5.30) (50 (3.18) 
^g-(t) 2= -537 2* -369 
3 .537 _ ,o54o - *369 _ >0)fi5 
1 i99 2 f79 
<5d-\/c.05^0) + (,o4i5)2- .0681 
M - M =» .212 «=• .127 ̂ .085 
1 2 
oft % 
- =1.250 normal deviates 
.068 
This is not a significant difference. There are 
21,120 chances in 100,000 that the difference could be 
attributed to chance. 
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TABLE XXIV 
STATISTICAL COMPARISON OP PONDEROSA PINE REPRODUCTION 
STOCKING ON ROLLING AN") STEEP SLOPES, ON EAST EXPOSURES 
1-15$ slopes Slopes over 15% 
Milacres Milacres 
stocked stocked 
X F FX FX2 X F FX FX2 
0 4o 0 0 0 37 0 0 
1 18 18 18 1 4 4 4 
2 6 12 24 2 2 4 8 
3 4 12 36 3 1 3 9 
4 3 12 48 4 0 0 0 
2. 71 9* 126 £ 44 11 21 
M .7 61 M .250 
(*) (19.03) (%) (6.25) 
<3V\/l26 
71 
-o = 
= 1.093 
<Tm = 1*093 _ 
1/71 
dM ~ - .097 
2 
cSD 
2 2 
130) +• (.097) = .162 
M - M =• .761 - .250 = .511 
1 2 
. 511 
—-— ;= 3» 154 normal deviates 
.162 
This is a significant difference. There are only 
l6o chances in 100,000 that this difference could be 
attributed to chance. 
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TABLE XXV 
COMPARISON OF PONDEROSA PINE REPRODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES, ON SOUTHEAST 
EXPOSURES 
1-15$ slopes Slopes over 15$ 
Milacres Milacres 
stocked p stocked 2 
X F FX FX X F FX FX 
0 28 0 0 0 7 0 0 
1 11 11 11 1 3 3 3 
2 6 12 24 2 0 0 0 
3 4 12 36 3 1 3 9 
4 0 0 0 4 0 0 0 
£ 49 35 71 2. 11 6 12 
M .714 M .545 
($) (18.85) ($) (13.63) 
= .969 
1/49 V>9/ <Ta 
12  -  (6 )"  
11 
1 1 - 1  
* .934 
-aH2=.138 
1 "f+9 
ll 2 2 
tfD = |f(.138) + (.296) =.327 
tfM __ .93*+ 
2 yt9 
=r .296 
M M = .714 - .545 r.169 
1 2 
.169 
.327 
= .517 normal deviates 
This is not a significant difference. There are 
60,300 chances in 100,000 that the difference could be 
attributed to chance. 
TABLE XXVI 
STATISTICAL COMPARISON OF PONDEROSA PINE REPRODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES, ON SOUTH 
EXPOSURES 
1-15% slopes Slopes over 15$ 
Milacres Milacres 
stocked stocked 
X F FX. FX X F FX FX2 
0 57 0 0 0 59 0 0 
1 20 2 2 1 19 19 19 
2 12 2b *f8 2 9 18 36 
3 6 18 5b 3 3 9 27 
b 1 b 16 if 0 0 0 
Z 96 66 138 £ 90 k6 82 
M .688 M .511 
m (17.20) (* )  (12.78) 
•** -̂fl-(;)*"» 
- .100 <TM - .306 _ 0g9 
1 W 2 ° ' 
<*D =1̂ .100)2 -+- (.089)" = .13b 
M - M = .688 - .511 = .177 
1 2 
177 
1 =1.32 normal deviate 
.13̂  
This is not a significant difference. There are 
18,680 chances in 100,000 that this differ'-nee could be 
attributed to chance. 
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TABLE XXVII 
STATISTICAL COMP:-!..uISON OF PONDEROSA PINE KBPKODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES, ON SOUTH­
WEST EXPOSURES 
1-15% slopes Slopes over 15% 
Milacres 
stocked 
Milacres 
stocked 
r\ 
X F FX FX X F FX FX 
0 
1 
2 
I 
27 
7 
2 
3 
5 
0 
7 
IF 
9 
20 
0 
•7 
8 
27 
80 
0 
1 
2 
3 
b 
22 
6 
1 
3 
1 
0 
6 
2 
9 
0 
6 
1+ 
27 
16 
t 
M 
(%) 
MF *+0 
.909 
(22.73) 
122 E 
M 
(%) 
33 21 
<F&0) 
53 
2 = i - 3 9 5  2 -
« 1«395 ̂  .210 6m - 1«Q96 _ #191 
1 f̂ b 2 1(33 
tfD-1C 2 2 210) -I-(.191) -.28** 
M - M = .909 - .636̂  .273 
1 2 
• 273 
•• = .961 normal deviates 
.28*f 
This is not a significant difference. There are 
33)700 chances in 100,000 that this difference could be 
attributed to chance. 
TAtfLE XXVIII 
STATISTICAL COMPARISON OF PONDEROSA PINE REPRODUCTION 
STOCKING ON ROLLING AND STEEP SLOPES, ON WEST 
EXPOSURES 
1-15# slope s Slopes over 15$ 
Milacres Milacres 
stocked 
2 
stocked 
2 
X F FX FX X F FX FX 
0 29 0 0 0 *f2 0 0 
1 7 7 7 1 8 8 8 
2 >+ 8 16 2 6 12 2lf 
3 1 3 9 3 1 3 9 
if 1 if 16 1 if 16 
2 b 2  22 if8 58 27 57 
M .52*f M A66 
( f o )  (13.10) (%) (11.65) 
<r* 
'if8 
b2 -© • .932 
<5M — *932 _ 
i iw 
<r=M*L (SI) 2 = 
58 \58/ 
= ̂ 21 .115 
L_ t?8 
.375 
2 2 
lW -+-(.115) =.l8if 
M - M = .52*+ - .*+66 s .058 
1 2 
= .315 normal deviates 
.l8*f 
This is not a significant difference. There are 
7*+,900 chvances in 100,000 that this difference could be 
attributed to chance0 
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TABLE 
STATISTICAL COMPARISON OF 
REPRODUCTION STOCKING 
GRADIENTS OVER 
XXIX 
DOUGLAS-FIR AND PONDEROSA PINE 
ON NORTHWEST SLOPES WITH 
FIFTEEN PERCENT 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked stocked 
X F FX FX2 X F FX FX2 
0 10 0 0 0 3 0 0 
1 0 0 0 1 if if if 
2 0 0 0 2 1 2 if 
3 0 0 0 3 0 0 0 
if 0 0 0 if 2 8 32 
Z  10 0 0 S .  10 Ik- ifO 
M 0 M l.ifOO 
( f o )  0 ( f o )  (35.00) 
<r= 
ô (i>Q' 
10 
1 0 - 1  
- 1.506 
<TM -
l .502 
<S~D 
M - M : 
2 1 
lAOO 
-poli 
2 2 
(0) + (.502) = .502 
l.ifOO - 0 = l.ifOO 
.502 
=2.739 normal deviates 
This is a significant difference. There are 
only 520 chances in 100,000 that the difference could 
be attributed to chance* 
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TA3LE XXX 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON NORTH SLOPES WITH GRADIENTS OVER 
FIFTEEN PERCENT 
Ponderosa Pine Douglas-fir 
Milacres Milacres 
stocked 
2 
stocked 
2 
X F FX FX X F FX FX 
0 70 0 0 0 33 0 0 
1 8 8 8 1 17 17 17 
2 1 2 b 2 13 26 52 
3 0 0 0 3 9 27 81 
b 0 0 0 b 7 28 112 
£ 79 10 12 £ 79 98 262 
M .127 M 1.2lfl 
(*) (3.18) (%) (31.02) 
2 
CTM = '369 3 >olfl  ̂= 1,333 _ a5o 
1 1(79 2 7̂9-
65 - .156 
M - M = 1.2̂ 1 - .127=1.11̂  
2 1 
"I I I LL 
— = 7.1̂ 1 normal deviates 
.156 
This is a very significant difference. There is 
less than one chance in 100,000 that the difference could 
be attributed to chance. 
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TABLE XXXI 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON EAST SLOPES WITH GRADIENTS 
OVER FIFTEEN PERCENT 
Pondero sa pine Douglas-fir 
Milacres Milacres 
stocked stocked 
2 2 
X F FX FX X F FX FX 
0 37 0 0 0 17 0 0 
1 if 1+ b 1 lif lif lif 
2 2 b 8 2 7 lif 28 
3 1 3 9 3 1+ 12 36 
if 0 0 0 if 2 8 32 
2 kb 11 21 2. i+if if8 110 
M .250 ' M 1.091 
(%) (6.25) (%) (27.28) 
2 = .6^ 
<Tm = *6If I f  - .097 CTm - l.l1+5 100 
i fW 2 fifir ~ 
<̂ rD=1/(.097)2 + (.173)2= .198 
M - M = 1.091 - .250 - ,8̂ 1 
2 1 
.8*fl 
.198 ~ if.239 normal deviates 
This is a significant difference. There is less 
than one chance in 100,000 that the difference could be 
attributed to chance. 
-71-
TABLE XXXII 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTHEAST SLOPES WITH GRADIENTS 
OVER FIFTEEN PERCENT 
Ponderosa pine Douglas-fir 
Milacres Milacres 
stocked o stocked r\ 
X F FX FX X F FX FX 
0 7 0 0 0 7 0 0 
1 3 3 3 1 1 1 1 
2 0 0 0 2 2 b 8 
3 l 3 9 3 1 3 9 
b 0 0 0 b 0 0 0 
z 11 6 12 £ 11 8 18 
M .M M .727 
(fo) (13.63) (*) (18.18 
<r= •12" (6)2 
11 
= .93*+ 
18 - (8) 
- 1.10M-
1 1 - 1  
= 3̂ = .296 <SM . , .3̂ 9 
1 Vn-i 
£D =|:.296)2 +- (#3if9)2 a .if58 
M - M r .727 - .9+5 = .182 
2 1 
1 Ro 
1 - .397 normal deviates 
M S  
This is not a significant difference. There are 
68,920 chances in 100,000 that this difference could be 
attributed to chance. 
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TAiiLE XXXIII 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTH SLOPES WITH GRADIENTS OVER 
FIFTEEN PERCENT 
Ponderosa pine Douglas-fir 
Milacres Milacres 
stocked stocked 
A 
X F FX FX2 X F FX _.2 FX 
0 59 0 0 0 66 0 0 
1 19 19 19 1 13 13 13 
2 9 18 36 2 6 12 2*f 
3 3 9 27 3 if 12 36 
if 0 0 0 If 1 b 16 
£ 90 *f6 82 90 *fl 89 
M .511 M A56 
w (12.78) ( * )  (11.̂ fO) 
«•- ^-(^) =. 
u 90 v907 
•.806 =. 
90 N 90' 
88*+ 
<$M - .806 _ ̂ 0891 
1 w ir 
<sd= |f(. 
=• — .0Q77 
2 
2 2 
0891) +*(.0977) = .132 
M - M —.511 - A56 = .055 
1 2 
.055 
.132 
=• .M-16 normal deviates 
This is not a significant difference. There are 
67,Mf0 chances in 100,000 that this difference could be 
due to chance. 
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TABLE XXXIV 
STATISTICAL COMPARISON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON SOUTHWEST SLOPES WITH GRADIENTS 
OVER FIFTEEN PERCENT 
Ponderosa pine Douglas-fir 
Milacres Milacres 
stocked O stocked A 
X F FX FX X F FX FX 
0 22 0 0 0 21 0 0 
1 6 6 6 1 7 7 7 
2 1 2 if 2 3 6 12 
3 3 9 27 3 1 3 9 
h 1 16 if 1 if 16 
Z 33 21 53 £ 33 20 ¥f 
M .636 M .606 
00 (15.90) (*) (15.15) 
1.096 <r"= y i£ /52\ 
ll 33 V33 / 
.191 <Th - '983 
2 133 
CTD = 1/(.191)2 +• 
2 
(.171) = .256 
M - M = .636 - .606 =•.030 
cT*\l — -/—•) * =.983 
33 \33' 
1 ~ f33 
.030 
• = .117 normal deviates 
.256 
This is not a significant difference. There are 
90,M+0 chances in 100,000 that this difference could be 
attributed to chance. 
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TABLE XXXV 
STATISTICAL COMPAiilSON OF DOUGLAS-FIR AND PONDEROSA PINE 
REPRODUCTION STOCKING ON WEST SLOPES WITH GRADIENTS 0;/ER 
FIFTEEN PERCENT 
Ponderosa pine Douglas-fir 
Milacres Milacres 
stocked 2 stocked 2 
X F FX FX X F FX FX 
0 b 2  0 0 0 28 0 0 
1 8 8 8 1 11 11 11 
2 6 12 2 b  2 6 12 2*f 
3 1 3 9 3 7 21 63 If 1 b  16 if 6 2>f 96 
s. 53 27 57 2. 58 68 19*f 
M. .1+66 M 1.172 
( f o )  (11.65) ( f o )  (29.30) 
tf-.l 12.(27) = .875 
y 58 \58' 
<Sn = -87? - .115 
1 V5T 
<JM =  ̂# 1gif. 
2 f58" 
D̂ •= V(.ll5)2-i~ (.18̂ -)2 = .217 
M - M =s 1.172 - >66 = .706 
2 1 
.706 
.217 
=• 3.253 nornal deviates 
This is a significant difference. There are only 
132 chances in 100,000 that this difference could be 
attributed to chance. 
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The following page is a sample of the 
reproduction tally sheets used in collecting da 
in the field. 
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Repro duct ion nnd 3ite Tally 
'let 
1 i 
j 
4 ! 
r.i. 0 12 3 4 - 5 0 1 2 3  i 2 JLA 5._2.gii. Remarks 
1 I 
2 
3 
4 
SIone A • S-JCCt bite (3-jecies Age Ht. 
Plot 
lil. 0 12 3 A 5 0 1234.5 01  2 3 L 5 Eon 
1 
Rencirks 
Slope 
Plot 
Aspect D-L <iO (Shades A~je Ht. ) 
Rc.ir.rks i„^.. .  
i | i 
Slope As ;pe ct S: ite (Snecios _ Age Ht« 
Plot 
Mil. 0 1 2 3 A 5 0 12 3 A 5 . 0 12 3 4- 5 Dora 
it i i t~ i f ! i I i ' r*n 
Remarks 
Slone ' Aspect, itc Species .fie _Ht._ ) 
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The following page contains a sample cruise 
sheet used in this study to collect data on the 
residual stand in the reproduction study areas. 
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SCHOOL. OF FORESTRY 
MONTANA STATE UNIVERSITY 
MISSOULA. MONTANA 
T R Sec 40 Date. 
Estimator Compassman 
Acres Tallied Acres applied to. 
D. B. H. 
or Plot 
Total 
C & B  %  
Vet Vol. 
on 40 
MISSOULIAN 
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